The aim of this study was to clarify the worldwide residual levels of organochloride compounds, such as BHC and DDT, which were reportedly concentrated in animal tissues by biological food chains. As a part of the investigation of endocrine disrupting chemicals (EDCs), we had a chance to measure the level of these compounds in Hungarian canned foods.
Introduction
Organochloride compounds such as BHC and DDT are concentrated in animal tissues by biological food chains, and recently they have been under examination again as endocrine disrupting chemicals (EDCs). Due to the biological concentration of these compounds in animal tissues by food chains, we became aware of the worldwide residual levels of EDCs during our stay in Hungary.
We have been conducting an international collaborative study on cancer epidemiology worldwide 1, 2) . When we visited Hungary in November, 2000, we noticed that food consumption habits in Japan and Hungary were similar in that both fish and meat are eaten. However, little information on risk assessments in Hungary is available in Japan. The aim of the present study was to deter-mine the actual levels of contamination in Hungarian foods. We, therefore, analyzed the residual concentrations of eighteen kinds of EDCs, particularly organochloride compounds, such as BHC, DDT, heptachlor, and aldrin in Hungarian canned foods. Canned foods were selected because they could easily be brought into Japan for analysis.
Materials and Methods

1) Sample collection
Several types of canned foods were purchased at a supermarket in Budapest in November, 2000 and sent to Japan for the EDC analysis. The canned foods consisted of fish soup concentrate (280 g), green pea and baby carrot (200 g), green pea (200 g), red bean (200 g), Hungarian luncheon meat (130 g), special luncheon meat (130 g) and chicken liver pate (65 g). After homogenizing the contents of each canned food, the aliquot taken from several different portions was used for EDC measurement.
2) EDC measurement
Sample preparation and EDC detection were performed using a modification of the method described by Akiyama et al. Homogenized samples were treated with acetonitrile, and the resulting extracts were successively eluted with ethylacetate. After most of the lipids and pigments of the eluates were removed by gel permeation chromatography, the extracts were cleaned using octadecylsilane-bonded silica and silica gel chromatography. The first and second eluate fractions were then analyzed by gas chromatography using mass-selective detection, with the detection limit condition of 0.4 ppb. As for the detection limit, S/N (Signal/ Noise) ratio was considered as 5 equivalent to concentration. A single measurement was undertaken for each sample extracted from several different portions of the canned foods. Table 1 shows the residual levels of eighteen kinds of EDCs in seven canned foods produced in Hungary. DDT and its metabolites were only detected in canned fish, meat and chicken liver pate. Only trace or ND levels of DDT (e.g. p,p'-DDT and o,p'-DDT) were detected, but one DDT derivative, p,p'-DDE, was detected relatively frequently: the levels of this compound were 1.8 ppb in the fish soup concentrate, 2.3 ppb in the Hungarian luncheon meat, 0.5 ppb in the special luncheon meat, and 0.6 ppb in the chicken liver pate. None of the other EDCs were detected (ND<0.4 ppb).
Results
Discussion
We had the opportunity to measure the concentrations of organochloride compounds, recently classified as EDCs, in canned foods produced in Hungary. During our stay in Hungary in 2000, we noticed that agriculture is an important industry in Hungary 4) , and large amounts of agricultural chemicals have been used. The present analysis of the organochloride-content in Hungarian foods did not produce any evidence of BHC, aldrin, dieldrin or endrin residues. Of the compounds examined, only DDT and its metabolites were detected in fish, animal meat, and animal liver.
A literature review produced only a few reports on the analysis of DDT residues in canned foods. Only one study reported a high content of DDE in canned cat food made from fish 5) . In a previous study 6) , we compared residual DDT levels over the previous 6 years by analysing fish and meat consumed in Japan. Food items were selected based on the results of a national nutrition survey. The foods were then purchased at a market, cooked and analysed. The resulting DDT concentrations were about 1-50 ppb in fish and 0.1-1 ppb in animal meat. A survey further confirmed the worldwide presence of DDT-contaminated fish and meat, even though more than 20 years have passed since the banning of DDT.
In the present study, our analysis was limited to Hungarian canned foods, because of the need to quarantine fresh food products. In future studies, however, fresh fish, beef and chicken, sold in Hungarian markets should be used. Biological monitoring using human sera, for instance, may also be important improve our understanding of the health effects of EDC-contamination in Hungary.
